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We, The General Tire & Rubber Com- 
pany, of No. 1708 Englewood Avenue, Akron, 
County of Summit, State of Ohio, United 
States of America, a corporation organized 
trader the laws of the State of Ohio, United 
States of America, do hereby declare the in* 
vention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to performed j to be particularly described 
in and by the fallowing statement: — 

This invention relates to an Improved pro- 
cess for the bonding of fegri> fabrics, filament 
cords and the like to vulcanized polyurethane 
elastomer structures; it also relates to the 
resulting composite articles. More particularly 
this invention relates to methods of bonding 
Synthetic linear high polymers such as poly- 
amide or polyester filaments having a high 
melting point to flexible elastomers of poly- 
urethanes. 

• — t, — ^ -i*«mfTu»rfi have excep- 



phthfltate to a saturated polyurethane elastomer 
by forming on the cords a coating of an in- 
fusible insoluble resinous condensation product 
of an organic aldehyde and a polyhydric phenol 
and thereafter applying the elastomer under 
pressure to the cords. 

1 Tseful polyurethane elastomers are generally 
those which are flexible, generally linear, long 
chain reaction products of a polyglyeol and a 
polyxsocyanate. Generally the polygfycols used 
are linear polyesters of polyethcrs. Also, in 
order to provide polyesters of linear rubbery 
polymers of the solid non-porous type, the low 
ado" number linear polyesters and polyethers 
are desirable, Polyesters with acid numbers of 
less than one give products which are superior, 
although we can, in accordance with the pre- 
seni invention, use polyesters with a much 
higlter acid number, even Co the range of an 
acin number of 60. The molecular weight of 
the polyesters should, for the preparation of 
- * — <- — — i — ^ 500 
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a serious obstacle to the use Of poiyurcuitu^ 
rubber in tyres. 

The present invention provides a method by 
which a blgfc degree of adhesion can be ob- 
tained between fabrics of the above-mentioned 
synthetic fibres and polyurethane rubbers, 
which are reaction products of a linear poLyol 
with a diisocyanate, whereby tyres of superior 
quality can be produced. 

Accordingly, in the manufacture of tyres, the 
present invention comprises a process of bond- 
ing tyre cards of nylon or of polyethylene texc- 



B 

— , A 
useM polyester is one formed rrom tne re- 
action of 6.7 ruols or ethylene glycoij 33 rool* 
of propylene glycol and 8.4 mo Is of adipic acid. 
The polyester preferably has a molecular 
weight of about 2000, an acid number under 
one and a viscosity of 500 cps at 73°C 

The polyethcrs used for preparing the im- 
proved polyurethane compounds have a mole- 
cular weight of at least 600 and preferably 
more; if materials rubbery at aorroal tempera- 
tures are desired, molecular weight of over 
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We, The General Tike & Rubber COM- 
PANY, of No. 1708 Englcwood Avenue, Aknm> 
County of Summit, State of Ohio., United 
States of America, a corporation organized 
under the law of the State of Ohio, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent 
be granted to us, and the method by winch it 
is xo performed* to be particularly described 
in and by the following statement: — 

This invention relates to an improved pro- 
cess for the bonding of textile fabrics, filament 
cords and the like to vulcanized polyurethane 
elastomer structures; it also relates xo the 
resulting composite articles. More particularly 
this invention relates co methods of bonding 
synthetic linear high polymers such as poly- 
amide or polyester filaments having a high 
melting point to flexible elastomers of poly- 
methanes* 

Because polyurethane elastomers have excep- 
tional properties such as high abrasion resist- 
ance, high resistance to tearing, high tensile 
strength, high flex life and general ability to 
perform at elevated tcniperature, ^ rhcy axe 
desirable fox use in making tyres, belts and^the 
like. A stroog adhesion between the tyre cords 
and rubber is necessary to provide a sansfac- 

10 Thepoor adhesion of polyurethane rubber to 
the synthetic fibres, nylon and polyester*, such 
as polyethylene terephthalate fibres has been 
a serious obstacle to the use of polyurethane 
rubber in tyres- - 

The present invention provides a merhod by 
which a high degree of adhesion can be ob- 
tained between fabrics of the above-mentioned 
synthetic fibres and polyurethane rubbers, 
which are reaction products of a lu^P^J 
vim a dilsocyanate, whereby tyres of superior 
quality can be produced. 

Accordingly, in the mamifacture of tyres, the 
present invention comprises a process of bond- 
ing tyre cords of nylon or of poryetnylene tere- 



phthalate to a saturated polyurethane elastomer 
by forming on the cords a coating of an in- 
fusible insoluble resinous condensation product 
of an organic aldehyde and a polyhydric phenol 
md thereafter applying the elastomer under 
pressure to the cords. 

Useful poryurethane elastomers are generally 
those which .-ox fl«riMgfr generally linear, long 
chain reaction, products of a polyglycol and a 
poiyisocyaiiaie. Generally the puryglycols used 
are linear polyesters of poiyethers. Also, In 
order to provide polyesters of linear robbery 
polymers of ihc soKd noc-porooS type, the l ow 
add number ft"*** 1 polyesters and polyetbers 
am desirable. Polyesters with acid numbers of 
less than one give products which are superior, 
although iwe can, m accordance with the pre- 
sent invention, use polyesters with a much 
higher acid number, even to the range of an 
add number of 60. The molecular weight of 
the polyesters should, for the preparation of 
rubbery poryurethane polymers, be above 500 
and preferably above 1000, The raasrimum 
molecular wight of the polyester is dependent 
only upon 7 he ability to economically make 
the polyesters of lugher m olecula r weights, the 
higher mniecuJar weights being preferred. 
Generally, it is exceedingly difficnlr to obtain 
polyesters with a molecular weight much 
above 3000 or 4000 without substantially 
higher costs- 
Suitable polyesters are those containing 
methylene^ ethylene and propylene groups.. A 
useful polyester is one formed from the re- 
action of 6.7 mols or ethylene glycol, 33 mols 
of propylene, glycol and 8.4 mols of adipic acid. 
The polyester preferably has a molecular 
weight of about 2000, an acid number under 
one and a viscosity of 500 cps at 73°G 

The poryemers used for preparing the im- 
proved polyurethane compounds have a mole- 
cular weight of at least 600 and preferably 
more; if materials rubbery at normal tempera- 
tures are desired, molecular weight of over 
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1000 are preferred. When the molecular 
weight of the polyether used for reacting with 
the isocyanatcs is less than 500 or 600, the 
product, while plastic, is too rigid for applied 
5 tion as rubbery base materials at ordinary tem- 
peratures. 

More rigid polyurethanes may be produced 
by increasing the amount of eros sKnfring in the 
resulting polyurethane, for instance, by using' 

10 a crosshnldcg agent, such as tpmcthyiol pro- 
pane or by using polyesters or polyethers of 
the cxossluiing type, 

The preferred pofyethers for polyurethane 
dastoxners are mixed poly (ethylene-propylene) 

15 ether glycols, and T^yrerramethylcnc ether 
glycol Desirable properties for the polyethers 
are active methylene groups, a very low acid 
number or no acid number and hydroxyl 
groups on the ends of the molecular chain. 

20 TjyainpTwg of suitable polyerhers are from the 
class of polyalfcylene ether glycols, such as 
polyethylene ether glycol, such as " Carbowax," 
having a molecular weight of about 1000, 
polytetrarnetbylene ether glycol porytjftnerhyl- 

25 ene ether glycol, poly neopenrylene ether 
glycol, polypcrrtamcthyi ether glycol, preferably 
having a molecular weight of above 600 and 
preferably of about 2000 to 4000 and mixed 
polyalkyiene ether glycols such as poly 

30 (ethykne^ropyleiie) ether glycols. 

Any readily reactive organic diisocyanate 
having two and only two readily reactive iso- 
cyanate groups may be used for reacting with 
the polyester or polyether, but those having 

35 both isoeyanate groups of about equal re- 
activity are preferred for at least part of the 
total isocyanate present to facilitate growth of 
the polyurethane i-Tv»4fig_ Tri-functional iso- 
cyanates like tri-ftmctional polyesters act as 

40 cross-lmHag agents and are undesirable in 
appreciable quantity unless one of the func- 
tional groups is relatively non-reactive. 

Various diisocyanates are commercially 
available and the following is a partial list: 
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50 



one-to-one molar ratio is the most desirable. 

The methods of the present invention are 65 
particularly well suited for the treatment of 
fibres of synthetic materials such as porybexa- 
methylene adipamide and polyethylene tere- 
phthalate. It may also be applied to oriented 
fibres of polycaprolactam which is commonly 70 
called perlon. The term "nylon" is therefore 
to be construed as including both polyhexa- 
mcthyiene adipamidc and polycaprol actam . 

The resm-forming materials is the treating 
composition are- used with a resin-foiming or 75 
condensation catalyst which is preferably a 
basic catalyst such as the hydroxides and sul- 
fites of sodium, potassium and arnrnonia. The 
resins produced arc preferably soluble in water 
to about i% to 10% by weight These resins 80 
should then polymerize or set up rapidly into 
an insoluble form at temperatures of about 250 
to 300°Forless. 

A preferred phenolic compound is rcsorcrool 
although other polybydroxy phenols are suit- 85 
able such as those having the hydroxyl groups 
in the benzene nucleus at a position rneta with 
respect to each other indnamg resoranal and 
orcmoL It is preferred that the proportion of 
the phenolic compound in the treating solution 90 
be about §.% to 5% by weight- 

A preferred aldehyde is formaldehyde 
although other aldehydes may be substituted 
for the formaldehyde in whole or in part such 
as acexaldehyde and furfural It is preferred 95 
that the alc&rryde be used in a slight molar 
excess over that actually required to react with 
the phenol so that all of the phenolic com- 
pound will be reacted so as to eliminate any 
danger of any excess phenol altering the curing 100 
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p^^diisocysnate diphenyl methane 

3) Kaphthalene-l^-dh^ccyanate 

4) Bi-tolylene dSisocyanare 
Di-aniddine diisocyanate 
Paxaphenylene diisocyanate 

7) Metaphenylene dnsocyanate 
~ Mem xylyiene diisocyanate 
diisocyanate 



The quantities of diisocyanatcs and poly- 
55 esters or rolyethers when used in accordance 
with tMs invention should be dose to a one-to- 
one molar ratio for best results- When used in 
this rado> the resulting p^yuxethanes have 
good stability and may be milled and stored, 
tiO rndflfinit jeiy. Evidence of slight cure or set up 
can someAnes be observed at very slight excess 
diisocyanate over the 1 : 1 motor ratio of diiso- 
cyanate to the polyester or polyether but the 



The condensation catalyst is preferably a 
basic catalyst such as sodium hydroxide, potas- 
sium hydroxide, ammomum hydroxide^ or 
sulfites of sodium, potassium and ammonia or 
mixtures thereof. The percentage of catalyst 
used is generally about 0.2 to 10 percent by 
weight based on the weight of the resin form- 
ing materials- 
It is understood that the time and tempera- 
ture factors itflatingto drying tjte treated f^ric 
or curing the elastomer may be variedironi 
that ordinarily used in the manufacture of 
tyres and belting in order to obtain substantial 
polymerization of slower reacting resin form- 
ing materials that may be-usejl in the treating 
composition 

The fabric may be treated so as to apply 
the treating composition in any satisfactory 
manner such as passing the fabric .or cord 
tluxnigh a bath of resorcinol and rorrnaldehyde, 
wim acxmdensation catalyst and then passing 
the fabric through two doctor knives or squeeze 
rolls to remove the excess treating coawosmon 
from the fabric and thereafter passing the 
fabric over a series of dryer rolls at a high 
enough tenmeranire to dry the fabric and poly- 
merize the resin- Generally the drying process 
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at some stage raises the fabric tecoperature 
from about 80*0 to about 100°C Co insure 
a substantial polymerization of the resin- 
forming materials. Other methods suitable for 

5 applying the treating composition to the fabric 
may be used such as employing transfer rolls* 
spraying, brushing and the like- If desired, 
the cord may be dipped in a water bath before 
being dipped in the resorcmol-formaldehyde 

10 bath. The pre-dip of -water wets the cord; and 
t«*n^g to decrease the amount of resorcmoJ 
formaldehyde pick-up. 

The drying of the treated fabric or cord 
may be accomplished in other ways such as 

15 carrying the treated cord by means of a belt 
or frame through a heated dosed chamber. 

When a cord treated in accordance with the 
present invention is dried and plied upon a 
compounded flexible polyurethane elastomer 

20 such as may be used advantageously in the 
manufacture of tyres and the whole mass is 
cured x>r vulcanized at a vu l c anizi ng tempera- 
ture so as to cure the polyurethane stock com- 
pletely, the bond between the polyurethane 

25 rubber and the treated cord is found to be of a 
high degree. Vheu an "H" Single Cord Adhe- 



sion Test is conducted on a fabric and poly- 
urethane rubher bonded according to the pre- 
sent novel methods, adhesion between the cord 
and rubber, in some cases, is found even to 
exceed the cord strength itself. 

The method of the present invention effects 
a high degrc-i of adhesion between the nylon 
cord and polyurethane rubber in tyres and 
other articles. 

That the method of the present mverrion 
produces a superior bond between polyurethane 
elastomers and nylon cords is shown by the 
series of tests described below : 

A 0-045 gauge sheet of polywethane rubber 
elastomer was made from the reaction product 
of about 1 mole of the polyethylene propylene 
adipate described above and about 1 mole of 
pj? - diisocyanato - diphenyl methane com- 
pounded with carbon black The surface of the 
polyurethane sheet was treated with dimethyl 
fonnamide to provide a clean surface for sub- 
sequent bonding to a fabric Nylon cords were 
treated by dipping in each of the various 
aqueous solutions of resoxctnol formaldehyde 
containing a catalyst as indicated in Table I- 
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Tablb I 







Faxes 


by Wcigt 


rt 




Tngredifltits 


A 


B 


C 


I> 


E 


Smooth rubber latex 
{75/25 butadiene/vinyl readme) 


100 


25 


None 


None 


None 


Phenolic compound (rtsordnol) 


11 


11 


11 


11 


11 


Aldehyde (Formaldehyde) # 


6 


6 


6 


6 


9 


Catalyst: (Sodium hydroxide) 


0.3 


0.3 


0.3 


0.3 


0.3 


Total Solids (percent *y weight) 


20 


10 


5 


2.5 


5 


Water content by weight 


80 


$0 


95 


97.5 


95 



55 



0*0 



The treated nylon cords were dried at a 
temperature of 350° to 450°F for about 20 to 
30 seconds. The cords were pKed! with the poly- 
uremane elastomers previously described by 
calendering and the plied structure was further 
bonded by curing it for about 20 to 60 rninutes 
at about 50 steam-pressure in test-specimen 
molds at an elevated temperature snrficient to 



viucanize tJte rubber which is preferably about 
250° to 350°F. 

The resul tant cured samples were made so 
as to be adaptable to the "H" Single Cord 
Adhesion test. 

Data was taken from adhesions which were 
pulled at room temperature and 100°C as 
shown in Table II. 
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Table II 






Tabic of Results 






"H Adhesion 


— lOS- 


o&inpie jmo. 


"Room TeDU)Cxatnre 


100° c 


A 


17.2 


13.8 


B 




15.3 


C 


26.5* 


23,4 


D 


• 25-1 


22,9 


£ 


24.* 


23.0 



* TtH?™* 1 * that a cord break occurred before an adhesive bond break. 



As seen from the Table of Kcsute, the 
adhesion of polyurerhane rubber to treated 
nylon cords in accordance with tie present in- 

5 vention is of an unusual high degree, un- 
expectedly, cord treating solutions containing 
an aldehyde heat hardening resin alone pro- 
vides a much, stronger bond between synthetic 
* cords and polyurerhane rubber than solutions 

10 containing a rubber latex. 

It is important to note that at room-tem- 
perature* the cord fails generally at about 26 
xd 28 lbs, and in one case the cord break 
occurred before bond failure. The "H" adhe- 

15 sion value of a nylon cord with no adhesive 
is only about 10 lbs. The excellent perrennance 
of samples at elevated temperatures is also 
important. As noted in Table H, samples C, 
I> and B treated by the methods of this mven- 

20 tion exhibit high "H" adhesion values of about 
23 lbs, and even better at 100°C 

Instead of drying the" cord at elevated tem- 
pemtures, the cord or fabric may be dried 
even at room temperature or sSgotiy above, 

25 and then subsequently vulcanized "at elevated 
temperatures after being plied -with the poly- 
uremane elastomer. 
WHAT WE CLAIM IS: — 
L In the manufacture of tyres, the process 

30 of bonding tyre cords of nylon or of poly- 
ethylene terephthalate to a saturated poly- 
urerhane elastomer by forming m the cords a 



coating of an infusible insoluble resinous con- 
densation product of an organic aldehyde and 
* polyhydric phenol and thereafter applying the 
elastomer under pressure to the cords. 

2. The process according to claim 1 in 
which the coating comprises a resorcinal form- 
aldehyde condensation product, 

3. The process according to claim 2 which 
comprises dipping the cords in an aqueous 
.solution of rescrcmol and fcamaldehyde con- 
raining a condensation catalyst, drying the 
cords, calendering the cords to the elastomer 
and thereafter vulcanising the elastomer. 

4. The process according to claim 3 in 
which the solution comatns from i to- 5>% by 
weight of the phenoL 

5. The process according to any of claims 
1 to 4 in which the elastomer is the product 
obtained by reacting approximately equimolar 
proportions of a linear long chain polyglycol 
with a pedyisocyanate. 

6. The process of bonding tyre cords to a 
polyurerhane rubber subsrandaUy as herein 

- Scribed With reference to the Tables. 

7. A robber tyre comprising cords of a 
nylon or a rwlyethylene terephthalate when- 
ever produced by the process according to any 
of the preceding claims. 

MBWBURN, ELLIS & CO, 9 
70/72, Chancery Laae,X*adon, 
Chartered Patent Agents. 
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